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On Mdj 29, 1924, theie was a deiailment ot a ti eight ti.nn on the 
Cincinnati, New Oi leans & 'lcxas Pacific Rai lway, Southern Rai lway 
System at Caiclifl, Tenn , lesulfcnifj in the death of thiee employees 

I O C A I I O X VXD M E T H O D 01 O l ' l I i V L I O N 

This accident occuiied on the Th iu l Distuct ot the Southwestern 
Distuct, extending between Chattanooga and Oakdale, Tenn , a dis
tance of 83 t> miles, in the i i e imty of the point of accident tlicie is a 
smgle-tiack line ovei which tiains aie opeiated by time-table, tiain 
oi del fa, and an automatic block-signal system The hist maik of 
dei ailment appealed opposite signal 26-1-7, located appioximatcly 
<V>50 ^ e e t south of the station at Cai ditf, w hile the engine w as entuely 
dei ailed appioximately 5,550 ieet noith of the station, at a facing-
point switch foi noithbound tiains wInch leads to a siding to the 
east ot the mam tiack, known as the Tennessee K n e i spin A p -
jnoachmg the point of deiailment f iom the south theie is a A° cmve 
to the l ight 800 feet m length, then 1,600 feet of tangent, a 1° cun e 
to the left 600 feet in length, then i'diO feet ot tangent, a 3° n u v e 
to the l igh t 500 feet m length, then 1,000 ieet ot tangent, then a 6° 
(u i^e to the left 600 feet in length, follow eel by a tangent extending 
to and foi a consideiable distance beyond the point of accident The 
tnst maik of dei ailment appealed on the hist-mentioned cmve at a 
point 129 2 feet south of its noithein end, while the engine tiuck was 
cleiailed on the following tangent at a point about 240 feet f iom its 
noi them end, I f inches south of the f i og of the south snitch of the 
passing tiack at Caidii t the final deiailment occi imng on the last-
mentioned tangent at a point 424 3 feet f iom its southern end The 
giacle is 0 7 pei cent descending foi noithbound tiains f i om signal 
2G4-7 to a point about 1,000 feet distant, then le \e l foi appioximately 
600 feet, 0 5 pei cent ascending foi 2,200 feet, le\el foi 200 feel, and 
then ( ) 7 i pei cent descending to the point o l accident, about 2,200 
feet distant The tiack is laid with 85-pouncl lads AA feet in length, 
with an a ie iage of 20 oak ties to the ia i l length, and ballasted with 
stone and slag to a depth ot f iom 12 to 18 inches, it is maintained m 
fan condition I t was daik and toggj at the time of the accident, 
which occuiied at about 12 04 a in 
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DI S C R I I ' H O N 

Noithbound ±1 ciglit h a m hist X o 74, on leai mg Chattanooga at 
5 20 p m , M a y 28, consisted of h\ e empty cais and a caboose, hauled 
Iry engine 4606, and was in (ha ige of Conductoi Stoutt and Engine-
man Dudley The cmptj cais weie clistiibuted at vanous stations 
and 27 loaded cais n e i e picked up en loute Tl ie t i am left TCock-
woocl, 3 8 miles '-outh ot Cardiff, at I f 53 p m , accoidmg to the 
t i am sheet, and on leaching the switch leading to the Tennessee 
E ive i spin, located approximately 1 mile noith ot the station at 
Caidiff, was dei ailed while t iavelmg at a speed estimated to ha\ e 
been about 30 miles an houi 

The fhfat indication of the deiailment was a ni.uk on the end oi a 
bolt on the gauge side of the ea<-t ia i l opposiLe signal 264-7, f i o m 
this point foi a distance of 1 491 feet, to the l i o g of the south switch 
of the passing tiack at Caidift, the holts weie maiked Fouiteen 
inches south of tins l i o g a wheel mounted the guaid iai l , then the 
bolts ne ie maiked on the outside of Lhe east i a i l foi a distance of 
1,483 feet The hist maik on the ties appealed at a point l i y 2 ieet 
noith o i the t iog The bottom poition of an equahzei hangei 
which i\as bioken was found at a point 792 ieet noi lh of the f i og , 
while the uppei poition lemamed attached to the engine A l the 
load ciossmg pist south ot the fetation the ciossmg plank on the 
east side of each lai l was torn out, while at the pin. ate load ciossmg 
located about 2,,100 ieet noi th o i the station the plank on the wes< 
side was torn out 

Engine 4606 came to test on its left side acioss the spin , about 210 
ieet noith o i the switch, the tendei left its tiuck1- and came Lo lest 
acioss the mam tiack, about 315 ieet beyond the engine Thn teen 
cais ueie dei ailed, 7 o i which weie demolished and 4 badly dam
aged, Mlnle 2 lemaincd upiight on the loadbecl T h e employees 
killed weie the engineman Incman, and head biakeman 

S I D O I A K Y Or H I D E S C I 

Conducloi Stoutt stated that (he an biakes i*eie tested at Koek-
w ood and woiked piopeikj H e lode m the cupola leaving this point, 
but owing to the iog and claikness he could not see ahead moie than 
halt the length o i the t i am The ie was no unusual swaying of (he 
t i am A t the south switch of the passing tiack at Caidiff the speed 
-\\as 25 oi 30 miles an houi , Conductoi Stoutt was of the impuls ion 
that steam was shut of! neai this point and not ho iked again p i io i 
to the deiailment, as tho slack bunched and lemamed so until the 
accident occuned, at which time he estimated the speed to have been 
about 30 miles an houi H e did not think the biakes weie applied 
between these points Flagman Thomas s statements piactically un-
loboiated those of Conductoi Stoutt, at the time of the accident he 
was w i l t i ng up bills in the caboose, and judging f iom the way the 
caboose lode the speed was not ovei 30 miles an hour 
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Seveial enginemen who had opeiated engine 4606 within a tew 
days pi 101 to the accident stated that they had noticed nothing 
unusual with its l iding qualities 

Tiamma'-tei Deal ing stated that fi eight t iams of the kind m-
vohed , a f l int t iam, aie allowed Lo atLam a speed of 3n nules an 
lioiu H e a i m e d at the scene of the accident about 45 minutes afLei 
its occuiienee and on examining the engine found that the equah/ei 
hangei n i b bioken H e was of the opinion that when the hangei 
bioke excessive weight was placed on the engine tiuck, which made it 
l i g id and caused it to be dei ailed 

Roaduia&tci N e w stated that about 1% inches of the side of the 
guaid I a i l was sheaied oil at the f i o g of the south switch o i the 
passing tiack at Cai dill wheie the engine tiuck was dei ailed Also 
that two cattle guaids weie toin out ]iist south of wheie the engine 
oveit inned He was of the opinion that the accident was caused by 
the equalizei hangei bi caking 

Road Foieman of Engines l i n k s was of the opinion that when 
the equalizei hangei bioke it should have been detected immediately, 
also as the deiailed engine tiuck tiavcled appioximatelj iy2 mil en 
betoie the engine ovei tinned, climbing the guaid la i l l imning ovei 
switches and on the ties and tea img out ciossmg planks and cattle 
guaids, that it would haie caused spaiks to fly and should have 
attiacted the attention of the engine crew Fui the imoie , an unusual 
motion oi vibiation would have been cieated H e thought that the 
engine was w o i k m g steam at the switch leading to the Tennessee 
Bivei spin 

Mastei Mechanic Shnlts stated that the lasL lecoid he had of 
any woik being pe i io imed on the equali/ei hangei was nt the 
Feiguson shops on Maich 26, 1924 A t this tune the slot m the 
cioss equalizei was not deep enough and allowed the hangei to slip 
out of place peiiintting one sp img to go up and the othei to go 
donn , theicfoie, the slot was made deepei with an acetylene toich 
and the hangei knocked back into place H e w as o l the opinion 
that the hangei had been woiked on since, but when wheie, oi 
by whom he did not know 

Engine 4606 is of the 2-8-2 tvpe, having a total weight engine 
and tendei, loaded, of 425,')40 pounds the weight o l the engine 
is distubuted as follows Engine tiuck, 22,860 pounds d i i v m g 
wheels, 215,700 pounds, ti ailing tiuck, 34,380 pounds Its d u v m g -
viheel base is 16 feet 6 inches, and total wheel base, engine and 
tendei, 67 feet y2 inch 

This accident was caused by a bioken equah/ei hangei, which 
appaiently took place in the vicinity o l signal 264-7 On encoun-
teung the f i o g of the south switch of the passing tiack at Caidifr, 
the engine tiuck became deiailed, the wheels chopping to the l igh t 
of then lespcctnc lails while the d i i vmg wheels lemamed on the 
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lails On leaching the switch leading to the Tennessee River spin, 
which was closed the engine tmck wheels followed the tuinout while 
Hie d i n i n g wheels continued .on tlie mam line, lesulling m the 
cvert iumng ot the engine A n in\ estigation into the lea&on ±01 
the i a i lme of this equahzei hangei was conducted by M i James E 
H e n aid, engmeei-physic 1st, whose lepoi t immediately follows 

K t r O K l OI> 1 H F ] NGIN1 1 I t - P H I SIC IS L 

The cause ot the dei ailment of t iam N o 74 at Cai cliff, Tenn , at
taches to the fiactuie of the wlougli t -uon hangei of the foi ward 
ecjiiali/er levei of engine N o 4(>0(> The < lieumstances attending the 
dei ailment aie consistently explained upon this piemise 

Examination of the f iac tmed hangei shows it to have been a de
tective fo ig ing , its faihue being chiefly attnbutable to that fact 
Tn ^ e i M c e , howevei, it had been exposed to hatteimg and abiasive 
eflects which tended tow aid final i i ip tme 

'I he function of this hangei was to tiansmit that poit ion of the 
weight of the engine which is can led by the fiont tinck to the f o i 
wa id system of leai spnngs thiough necessuj leiei 1 - The weight 
on the front tuuk was gnen at 22,860 pounds rI lus weight lep ie-
sents substantially I he tensile stiess on the hangei undei stahc con
ditions 

This load, if unifoimh clistubutecl amounts to only about 4,000 
pounds pei squaie inch a stiess which should leave a \ e n hbeial 
ma igm m stiength on a well-made hangei The use of wiought 
n on in this meinbei is doubtless w ell chosen 

F igu ie N o 1 shows fwo M C W S of Lhe hangei as it appeaiecl aftei 
leco^ei j f iom the dei ailed engine The uppei end was sepaiatecl 
•fiom the shank and the loop paitialfy opened The left leg of the 
loop as shown on the cut appeals to haie been the one which 
ti at tiucd hist but was immediately followed bj the othei The 
seat of ihe loop, on the cioss equali/ei beam f iom which it is sus
pended, was batteled as well as thai ot the s tump at the lowei end 
oi (he hangei The batteling o i the teats of hangeis does not ap
peal, howevei to be an unusual occuuence 

The ci os ,--equali/ei beam passes thiough the loop at the uppei 
end oi the hangei This beam his a depth at the middle ol its length 
ot 10 inches, the ends tapenng off to about , I Y 2 inches f t is notched 
at its end beanngs wheie connections aie made with leat spnngs 
and also notched at the middle o i its length wheie the hangei is 
seated This beam is subject to locking motion on lis seat when the 
engine is 1 mining, the amplitude of which is limited fry the sides ot 
the loop of the hangei Abiasion of the sides ot the loop lesults Tn 
the piescnt ca^e, one leg of the loop was abiaded a depth o i one-
io inth inch, the othci leg a cleplh of tinee-sixteenth inch 



- l i v o n e « s of the fnictuipd liuiifeci This limit <* lone i^ed of fom pi<-es 
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ht i—\ lew I IVHUIIK welds in lnmgei and distoitiun of the flbeis 
of tlie jion i t incipient uoml ol fiactuie Sen on tut indiri tes 
tlie place wheie f int tuie began 
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The wealing away of the metal in this mannei is a slow piocess, 
theiefoie the depth Lo which the loop was worn is taken to indicate 
that this fo ig ing was made at a time consideiably antedating its 
fail in e 

The lowei 0 1 s t ump end of the hangei had a jaw i y f niches deep, 
tlmtecn-sixteenths inch deej)ei than called foi on a blue print sub
mitted by the railway company Acioss the lowei end the hangei 
had been l emio iced hy a piece of 1 1 0 1 1 thi ee-foui ths inch deep, 
welded to it This method of mnfoicement 0 1 lestoiation difleis 
f iom cm lent piaetice in one o l the shops of the Southern Rai lway, 
which is to build up the seaL of a worn stniup by means of an oxy-
acetylene toich The use of a toich is no doubt less dctumental on 
wiought non than on steel, and at such a place as this less hazaidous 
than in maivv othei examples of its geneial use 

Hangeis p ie te iably should be made of one piece of wiought 1 1 0 1 1 , 

avoiding the use of welds Single-piece i o i g m g s constitute the piae
tice aL the Knox^ die shops of the Southern I la i lwa\ This hangei, 
h o « e i e i , consisted ol torn pieces in all Enumeiatecl m then oidei 
±10111 bottom upwaid they wTeie as follows A l emfo i cmg stup acioss 
the lowei end, the s t ump and lowei half of the shank an mtei-
mediate section of the shank, and the loop afc the uppei end 

The hangei was rough looking, but a lough fo ig ing is not necefe-
sanly an infeiioi one The contiai^ is fiequenLly the case Ham-
mei-haideinng at low -finishing tempeiatuies impaiis I lie toughness 
of foi guigs 

F igu ie X o 2 shows the appcaiance of the hangei in Lhe vicinity 
of the loop I t was photogjapbeel aftei taking off a chip m a ma
chine tool and light pickling in hydiochloiIC acid A V-shaped 
weld m the shank is shown The shoit mteimediate section next 
above was sen fed and the loop welded to that piece Thc^e weie 
good welds A \ e n hot the appaiently was used in which pitting 
of the non on the inside of the loop took place 

The objectionable feature o i the f o i g m g was at the juncLion of 
the two legs at the base ol the loop, indicated bv a stai on the cu( 
A t this place, it is beheied, the l i ae tme oi the hangei began L o 
cally the hbeis of the non weie distoited A fullei was piobably 
used in the smith shop foi closing the loop and was accountable foi 
Lhe distoition of the g i a m oi Lhe iron The reliability of a fo ig ing 
depends upon the mannei m which the wo ik is clone I n oidei to 
judge of its excellence the piopci time foi inspecting a fo ig ing is 
when and wheie the w o i k is being done 

I t is well known that the stiength and ductility of wiought non 
is gieatest in the ducction of its g i am, showing a considerable l e -
cluction in ciosswise dnection Specifically, the i o i g m g defect m 
the piesent hangei was the distoition of the g i a m of the non at the 
lower end of one of the legs of the loop Stiesses of tension on the 
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hangei were vntually ciosswise the hbeis oi the non at that place 
Buptuie was facilitated by this uiciimstan.ee 

Responsibility foi the t iactuie of the hangei m pai t attaches to 
its use, which w as continued aftei i o much abi asion at the sides oi the 
looj) Eccentncity of loading on the legs of some degiee, would occui 
.is one leg was abiacled and then the othei dining the locking of the 
ciossLeam The battering of the seats of the loop and s tump endsle-
spe< tn eh is signihe ant They had 1 ecen ed loads ol vai \ mg intensity 

Tl ie total tensile stiess on the hangei undei static conditions as 
stated was appioximately 23,000 pounds '1 his stiess would \ a i y 
w t b tiack conditions I t is not known whethei oscillations would be 
sufficiently lapid at high speeds to monientaiity l ehc ie the hangei 
f iom load Shop lepan lecoicls show, howevei , that rhe loop had 
been known to lea\e its seat on the ciossbeam and give an unequal 
load on the foi waicl spungs o i the engine A deepei notch w as buint 
in the ciossbeam by means of a toich to pie^ent the le tunente oi 
such eccentiu loading The battel ed seats indicate 1h.it the contact 
suifaces shift then positions f iom time to time m this membei, m 
lespect to centeis of effoit 

Tn conclusion it is belie\ed that the deiailment ot tiain X o 74 was 
c au^ecl by the fiactui e ot the hangei, the fiactuie occuumg whei e the 
ubeis of the non weie ciimped cluiing the opeiation of fo ig ing 

SLMTWAIil 

The piesent deiailment appeals to have been caused hs the fiac
tuie o l the. hangei of the t iont equali/ei level ot the engine The 
leason foi the tailuie of the hangei is attiibutable to a fo ig ing con
dition The hangei w as found to have been built up o i fom scpai ate 
pieces welded togethei In the fo ig ing of the loop at the uppei end 
of the hangei the hbeis ot the non was ciimped, bunging the p i m -
cipal shams o i tension ciosswise the gi am In wiought non the 
stiength is known to be weakei ciosswise than in the dnection o l the 
g iam Incipient i i iptuie began at this ciimped point io l lowed by 
complete f iactuie 

The hangei showed weai , abiacled sides ot the loop and battel ed 
seats at each end Its condition immecliateh' piecedmg its fiactuie 
was unsatisiactoij Inasmuch as this engine had been in the shops 
foi lepans m connection with this paiticulai membei within a 
pei lod of two months pno i to the deiailment, the worn condition of 
the hangei should h.n e been noticed 

Fui theinioie since it is the piactice o i the l a iboad company to 
iabneate hangei s f iom a single piece o l wi ought non to avoid the 
unceitainty of welds, the oppoitumty should ha ie been taken to le-
place this hangei with one ot impiovcd iabncation 

Respecttully submitted 
W P BORLAND, DTHCTOI 
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